The diffraction field of a Gaussian planar velocity distribution is a Gaussian
INTRODUCTION
The radiated field of a planar vibration source in an infinite rigid baffle, as one of the most fundamental problems in acoustics, has been studied for quite a long time. The Rayleigh surface integral • is considered the first exact expression of the problem. It is included in almost every acoustics textbook. Unfortunately, the Rayleigh integral, as well as a later alternative, King's integral 2 (which is essentially equivalent to the Rayleigh integral and each of them can be derived from the other), 3'4 cannot be solved analytically for most physical situations. A well-known example is the sound field of a piston radiator. Although the exact on-axis field and an approximation to the farfield can be expressed in a closed form, s to describe the nearfield and the transition zone, a numerical method---either a direct point-by-point integration or a series solution has to be employed. However, in many areas such as theoretical analysis, quantitative nondestruefive evaluation, remote sensing, or underwater acoustics, an analytical solution is much preferred. The search for a more desirable solution has never ceasedfi -m In this article, we present a new approach that allows one to express any axisymmetric beamlike field in a simple, unified, analytical way. The only restriction is (ka)2•, 1, where k is the wavenumber and a is half the beam diameter at the waist. A single solution is found to apply not only on the axis and in the farfield, but it is also valid in most of the nearfield and in the transition zone. We begin with the most difficult case--a rigid piston radiator--then show that the method is much easier to use as the surface velocity distribution contains fewer discontinuities or becomes less abrupt. The velocity distribution resulting in the simplest field distribution is found to be the Gaussian profile.
I. THEORY
The procedure used in getting the field solution is analogous to that used to obtain a series solution to a boundary value problem. With an appropriate wave equation, a solution that serves as a base function is defined, then the boundary conditions are expressed in terms of a set of base functions. Finally, the coefficients of base function are calculated so that the field solution satisfies the boundary conditions.
For an axially symmetric sound (or light) beam, with its axis in the z direction, the velocity potential can be written in the form q5 = u(p,z) e i•.
(1)
The factor d ø't is suppressed since we are concerned with the space-dependent part described by the Helmholtz equation: 
2fs+ ikog = 0. Second, in the optimization process, method A fits the boundary conditions within the specified accuracy with a smaller number of terms than method B by optimizing the beam waist parameter B, as well as the coefficient set •4,.
II. EXAMPLES AND DISCUSSION
Even though a piston radiator has a very simple surface velocity distribution, it is well known that the piston produces a very complicated nearfield because of the edge discontinuity. In general, the more significant the edge effect, the more sophisticated the field distribution and the greater the number of base functions required to achieve sufficient accuracy. In this sense, the calculation of the field produced by a piston radiator is an extreme example for demonstrating the advantage of the new method.
We (18) using coefficients in Table I 
